The effect of the ecological traits of the different bioclimatic areas of the province of Murcia on the chemical variability and antioxidant and bacteriostatic activities of individual rosemary extracts was studied. The main findings confirmed that a high thermicity index, favors both the methanolic extracts yielded by these shrubs and their biological activities. However, differences in their polyphenolic composition should be attributed to the genetic heritage of these plants rather than to the bioclimatic conditions in which they grow. As regards the relationship between the chemical composition of these extracts and their biological activities, it was noted that a high phenolic acid content, especially of rosmarinic acid, may increase the antioxidant activity exhibited by extracts containing high levels of carnosic acid. The bacteriostatic activity was higher (p< 0.05) in those extracts in which carnosic acid was the major component quantified.
Rosemary (Rosmarinus officinalis L.), a member of the Lamiaceae family, is a spontaneous shrub growing in all Mediterranean countries. In Murcia (southeast Spain), rosemary can be found in arid and semi-arid lands, from sea level to 1500 m above sea level, although it avoids very dry and cold areas [1] .
There are many properties attributed to rosemary that explain the attention that it has received through the ages. The success of rosemary as a food preservative lies in its richness in polyphenolic components with demonstrated antioxidant and antimicrobial capacities [2] [3] [4] [5] . This, together with the tendency of the food industry to eliminate or, at least reduce, the use of chemically synthesized additives, makes rosemary extract one of the most important food additives for preventing lipid oxidation and the proliferation of food-borne pathogens [6, 7] .
The antioxidant activity of rosemary has been attributed mainly to the phenolic diterpenes, carnosic acid and carnosol [8, 9] , and rosmarinic acid [10, 11] . Carnosic acid and carnosol are considered to account for more than 90% of the antioxidant properties of rosemary extracts, and they are powerful inhibitors of lipid peroxidation and good scavengers of peroxyl radicals [7, 12] . In comparative studies of the antioxidant activity and chemical composition of rosemary extracts, several authors have affirmed that a greater proportion of carnosol and carnosic acid favors the antioxidant activity of these extracts [2, [13] [14] [15] , while others avowed that rosmarinic acid followed by carnosic acid and carnosol are the main components responsible for rosemary extract antioxidant activity [16] . Erkan [17] proposed both these acids as the major components in rosemary extracts and suggested that their possible synergistic relation with other minor components would explain their antioxidant activity. Plant extracts may also provide a potential additional barrier to inhibit the growth of food-borne pathogens in food products [5, 6, 18] .
Recent studies have demonstrated the effectiveness of rosemary extracts against some food-borne pathogens. For example, Bubonja Sonje et al. [2] mentioned the beneficial effect polyphenolic extracts of rosemary against Listeria monocytogenes L. It is well known that methanolic rosemary extract shows stronger antimicrobial activity against Gram-positive than Gram-negative bacteria [14] , which could be due to the absence of mechanisms for adapting to stressful situations in Gram-positive strains [18] .
A relationship between antimicrobial activity and the chemical composition of rosemary extract was previously demonstrated [18] . For these authors, a high content of carnosic acid (oil soluble fraction) was directly related to high antimicrobial activity. Other researchers attributed the antimicrobial activity of rosemary extract to the presence of carnosic acid, rosmarinic acid and carnosol as the major components [4, 9, 16] . However, recent studies published by Morán et al. [19] found no significant relationship between carnosic acid and the antimicrobial activity of polyphenolic extracts. The effectiveness of rosemary extract against some food-borne pathogens is still controversial. Although some authors, as mentioned above, have remarked on the efficiency of these extracts, others, including Yesil Celiktas et al. [20] and Rasheed and Thajuddin [21] , have pointed to the low antimicrobial activity of rosemary against both Gram-positive and Gram-negative bacteria. Some of these differences could be attributed to the different chemical compositions of the polyphenolic extracts, depending on the geographical origin of the plant material [22] . However, such variability is also found among rosemary shrubs located in the same geographical area, as mentioned by Martin and Hernandez-Bermejo [23] , who observed 65.9% genetic variability among individual rosemary plants belonging to the same population.
In Spain, rosemary has not yet been established as a commercial crop and most commercial samples come from wild rosemary shrubs. This, together with the above remarks, justify the importance of defining the chemical variability of rosemary plants, depending on the bioclimatic area and any direct relation of the same with the antioxidant and antimicrobial activities of extracts.
In the present study, the chemical composition, major polyphenolic components and methanolic extract yield of R. officinalis were determined for 150 individual plants harvested in the five bioclimatic areas that can be identified in the province of Murcia (south-eastern Spain). The bioclimatic zones are described in Table  1 , following the classification made by Rivas Martinez [24] .
As shown in Figure 1 , the ecological traits of the bioclimatic area affect the polyphenolic extract yields of these shrubs. For example, a high thermicity index, which corresponds to the lower Thermo-Mediterranean area, favors the rosemary polyphenolic extract yield (p< 0.05) in comparison with the other bioclimatic areas in the study.
HPLC analysis allowed identification and quantification of 10 polyphenolic components as major constituents of rosemary methanolic extracts. As expected, and in agreement with the polyphenolic profile defined for rosemary extracts from different sources [9, 25] , carnosic acid, followed by carnosol, rosmarinic acid and hesperidin were the major polyphenolic components quantified in all the individual extracts analyzed.
According to the results shown in Table 2 , bioclimatic conditions in the province of Murcia do not affect the polyphenolic chemical composition of the rosemary methanolic extracts. Although higher phenolic acid and flavonoid concentrations (p<0.05) were detected in plants from the lower Thermo-Mediterranean area and higher carnosic acid levels in plants harvested in the Upper Thermo-Mediterranean zone, no correlation could be defined between these concentrations and the bioclimatic traits of the geographical areas in Murcia.
Major differences in the parameters that define the bioclimatic areas exist between the two Thermo-Mediterranean zones and the rest of the areas under study. It is reasonable to think that a normal tendency in the index could be related to either an increase or ; values are means of at least three independent replicates ± SD decrease in concentration of some of the components present in the extracts. However, the results shown in Table 2 strongly suggest that the high chemical variability that nature confers among plants belonging to the same geographical area are not entirely due to environmental factors. Such chemical variation is more likely to be related to the genetic heritage of the plants rather than the bioclimatic conditions of the areas under study.
Previous studies regarding the effect of abiotic stress conditions on the quantitative polyphenolic composition of rosemary extracts found that cold environments increased their caffeic acid and carnosic acid concentrations, while other secondary metabolites, such as rosmarinic acid, naringin, cirsimaritin, hispidulin and carnosol, showed different responses to these environmental conditions [26] . In agreement with these findings, Luis and Johnson [27] found that carnosic acid concentration levels decreased by 50% during the summer months, recovered during September, October and November and reached maximum levels in December [27] . Rosmarinic acid levels showed a slight increase during the summer, reaching maximum values in September, and were almost constant during the rest of the year. Also, Munné-Bosch [28] demonstrated that variations in carnosic acid levels in rosemary leaves during Mediterranean summers are due to its oxidation to carnosol, rosmanol and isorosmanol, protecting the chloroplasts from oxidative damage.
All the plants analyzed in the present study were harvested between July and August (2009), the time of maximum temperatures and lowest precipitation in the year. According to the statements published by the researchers mentioned above, the carnosic acid concentration should be lowest in the Thermo Mediterranean areas, and carnosol should increase in concentration in these zones. However, these assertions cannot be affirmed from our results. It should be borne in mind that, according to Martin and Hernandez-Bermejo [23] , genetic variability among individual rosemary plants belonging to the same population can reach 65.9%. Therefore, chemical composition is more related to the genetic heritage of the plants than the bioclimatic area in which they grow (in the same season of year).
Antioxidant and antiradical activity:
Because not all polyphenol components show the same behavior in the face of different prooxidant compounds, several methods, chosen by taking into account the physical and chemical characteristic of the components and the medium in which they will act [29] , were used to ascertain the antioxidant power of the methanolic extracts from individual plants harvested in the five bioclimatic areas.
According to the results shown in Table 3 , the effectiveness of the polyphenolic extracts against the radical DPPH • was greater in extracts from both Thermo-Mediterranean areas than those from the other bioclimatic areas under study. As expected, carnosic and phenolic acids, along with some flavonoids, seemed to play an important role in the antiradical activities of these rosemary extracts. However, it is important to highlight that lower concentrations of carnosic acid could be compensated by higher levels of phenolic acids and flavonoids or vice versa in order to maintain the antioxidant power of polyphenolic extracts against this lipophilic radical.
The antioxidant activity determined by the FRAP and the total phenolic content methods again showed the great efficacy of extracts with a high phenolic and flavonoid content (lower Thermo-Mediterranean area) or increased levels of carnosic acid (upper Thermo-Mediterranean zone) compared with those obtained from bioclimatic areas with lower thermicity indices. However, when the antiradical scavenging activity against ABTS •+ was determined, clear differences were detected between the plants from the lower Thermo-Mediterranean area with respect to the other geographical zones. As a result, the higher the content of phenolic acids, especially rosmarinic acid, the greater the antioxidant power of the methanolic extracts, an effect that was even more pronounced than that observed in plants with a high carnosic acid content (upper Thermo-Mediterranean). It is also interesting to highlight that, in accordance with the polyphenolic profile of the methanolic extracts, at a quantitative level, a low thermicity index does not favour the antioxidant capacity of rosemary extracts.
These results agree with those published by Mi Yoo et al. [30] and Moreno et al. [31] concerning the relationship between polyphenolic abundance in different plant species and their corresponding antioxidant activities, who concluded that this biological activity is more related to the relation of concentration between the relative abundance of the active components than to their absolute levels in the extracts.
Antimicrobial activity:
The antimicrobial activity of the 150 individual plants was tested against two food-borne pathogens of Gram-negative strains (Salmonella typhimurium and Escherichia coli) and two Gram-positive strains (Listeria monocytogenes and Staphylococcus aureus). Preliminary screening of the in vitro antimicrobial activity was developed using the filter paper disc agar diffusion technique (Tables 4 and 5) .
At first glance, and in agreement with the results published by Moreno et al. [31] and Ivanovic et al. [32] , it can be observed that As regards the bacteriostatic activity associated with bioclimatic area and, consequently, with the chemical composition of the methanolic extracts, plants belonging to the upper Thermo-Mediterranean, in which the diterpene carnosic acid showed the highest concentration (to a statistically significant degree), exhibited the highest efficacy against the two Gram-positive bacteria under study. These results also confirm the low efficacy of rosmarinic acid, the major phenolic acid quantified, compared with the diterpene carnosic acid. Similar observations were made by Vegara et al. [4] , who showed that the efficacy of carnosic acid against Gram-positive bacteria was higher than that exhibited by rosmarinic acid itself. In addition, some authors have published that a synergistic effect between high levels of carnosic acid and rosmarinic acid leads to the best antimicrobial activity [31, 33] . However, Bernardes et al. [9] and Jordán et al. [34] affirmed that there is a direct relationship between carnosic acid and carnosol concentrations and a high antimicrobial activity.
As regards bactericidal activity against Gram-negative bacteria, methanolic extracts from plants harvested in the upper Thermo-Mediterranean showed moderate activity against E. coli. These results again confirm the higher efficacy of polyphenolic extracts rich in carnosic acid compared with those with a lower content of this diterpene and higher levels of phenolic acids. However, poor efficiency was obtained for all the extracts against Salmonella 820 Natural Product Communications Vol. 8 (6) 2013
Jordán et al.
typhimurium and no differences could be detected among extracts from the different bioclimatic areas. In this case, it might be assumed that none of the components present in the methanolic extracts is crucial for the inhibition of this strain.
Experimental
Plant materials: Rosmarinus officinalis (150 samples, identified by the authors) were collected from 31 wild populations belonging to different bioclimatic areas of the province of Murcia between July and August 2009. Cuttings from new shoots of individual plants were collected at the phenological stage of fruit maturation. Before essential oil extraction, the plant material was dried in a forced-air dryer at 35ºC for 48 h, until it reached a constant weight. The airdried aerial parts of each sample were them submitted to hydrodistillation for 3 h using a Clevenger-type apparatus. 
Extraction of polyphenolic compounds:
Distilled plant material was dried in a forced-air drier at 35ºC for 48 h (until it reached a constant weight) and then ground to pass through a 2-mm sieve. Dried samples (0.5 g) were first extracted with 20 mL of light petroleum while stirring and taken to dryness at room temperature. They were then extracted using 150 mL of methanol in a Soxhlet extractor (B-811) (Buchi, Flawil, Switzerland), for 2 h under a nitrogen atmosphere. Methanolic extracts were taken to dryness at 40ºC under vacuum conditions in an evaporator system (Syncore Polyvap R-96) (Buchi, Flawil, Switzerland). The residue was redissolved in methanol and made up to 5 mL [35] . The yield of the extracts was expressed in terms of g of dry methanolic extract per kg of dry plant weight. Final extracts were kept in vials at −80ºC until their corresponding analysis.
HPLC analysis:
For the HPLC analysis, a method adapted from Zheng and Wang [36] was followed using a reverse phase Zorbax SB-C18 column (4.6 mm x 250 mm, 5 µm pore size, Hewlett Packard, USA) with a guard column (Zorbax SB-C18 4.6 mm x 125 mm, 5 µm pore size, Hewlett Packard, USA) at ambient temperature. Extracts were passed through a 0.45 µm filter (Millipore SAS, Molsheim, France) and 20 µL was injected into a Hewlett Packard (Germany) system equipped with a G1311A quaternary pump and G1315A photodiode array UV-vis detector. The mobile phase was acetonitrile (A) and acidified water containing 5% formic acid (B). The gradient was as follows: 0 min, 5% A; 10 min, 15% A; 30 min, 25% A; 35 min, 30% A; 50 min, 55% A; 55 min, 90% A; 57 min, 100% A and then held for 10 min before returning to the initial conditions. The flow rate was 1.0 mL/min and the wavelengths of detection were set at 280 and 330 nm. The phenolic components were identified by comparing retention times and spectra with those of commercially available standard compounds. For quantification, linear regression models were determined using standard dilution techniques. Phenolic compound contents were expressed in g per kg of dry methanolic extract.
DPPH • radical scavenging activity:
The ability of the methanolic extracts to scavenge DPPH• free radicals was determined following the method described by Brand-Williams et al. [37] . Briefly, 500 µL of methanolic extracts at different concentrations (2.4 µL/mL to 10 µL/mL) were added to 1 mL of DPPH• methanolic solution (0.1 mM). Decolorations were measured using a Shimadzu (UV-2401PC, Japan) spectrophotometer at 517 nm after incubation for 20 min at room temperature in the dark. Absorbance was measured against a blank of 500 µL of sample plus 1 mL of methanol. The absorbance of the control, consisting of 500 µL of methanol and 1 mL of DPPH• solution, was measured daily against a blank of 1.5 mL of methanol. Measurements were performed in triplicate.
The % activity for the DPPH• was calculated according to: % Decoloration = [1 -(Absorbance sample/Absorbance control)] x 100. The results were expressed as the inhibitory concentration of the extract needed to decrease DPPH• absorbance by 50% (IC 50 ). Concentrations are expressed in µg of dry plant methanolic extract per mL of methanol.
ABTS •+ radical cation decoloration assay:
The ABTS free radicalscavenging activity of each sample was determined according to the method described by Re et al. [38] . ABTS•+ radical cation was produced by reacting 7 mM ABTS•+ solution with 2.45 mM potassium persulfate and allowing the mixture to stand in the dark at room temperature for 16 h before use. A working solution was diluted with ethanol to an absorbance of 0.70 (±0.02) nm (constant initial absorbance value used for standard and samples) at 734 nm and 30°C. An aliquot (15 µL) of either each sample (with appropriate dilution) or Trolox standard was mixed with the working solution (1.5 mL) of ABTS•+, and the decrease of absorbance was measured after 6 min at 734 nm using a Shimadzu (UV-2401PC, Japan) spectrophotometer. Measurements were performed in triplicate. The ABTS•+ scavenging rate was calculated to express the antioxidant ability of the sample, and results were expressed in terms of Trolox equivalent antioxidant capacity (TEAC, M of Trolox equivalents per g of dry plant methanolic extract).
Ferric reducing antioxidant power (FRAP):
The ability to reduce ferric ions was measured using the method described by Benzie and Strain [39] . The FRAP reagent was freshly prepared from 300 mM acetate buffer, pH 3.6, 10 mM 2,4,6-tripyridyl-s-triazine (TPTZ) made up in a 40 mM HCl and 20 mM FeCl 3 6H 2 O solution. All 3 solutions were mixed together in the ratio of 10:1:1(v/v/v). An aliquot of 40 µL of each sample (with appropriate dilution) was added to 1.2 mL of FRAP reagent. The absorption of the reaction mixture was measured at 593 nm after 2 min incubation at 37°C. Measurements were performed in triplicate. Fresh working solutions of known Fe (II) concentrations (FeSO 4 7H 2 O) (0-12 mM) were used for calibration. The antioxidant capacity, based on the ability to reduce ferric ions in samples, was calculated from the linear calibration curve and expressed as mol FeSO 4 equivalents per g of dry plant methanolic extract.
Estimation of total polyphenolic content:
The amount of total soluble phenols was determined by the Folin-Ciocalteau method [40] . Methanolic extracts (100 µL, 2 replicates) were introduced into the test tubes; 7.9 mL of distilled water, 0.5 mL of the Folin-Ciocalteau reagent (Panreac), and 1.5 mL of 20% sodium carbonate. The tubes were mixed and allowed to stand for 2 h. The absorbance was measured at 765 nm in a Shimadzu (UV-2401PC, Japan) spectrophotometer. A blank measure, for which the sample was replaced by water, was subtracted from the absorbance at 765 nm.
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Quantification was obtained from a calibration curve using gallic acid as a standard phenol (r2 = 0.9984). Results were expressed as mg of gallic acid per g of dry sample.
Bacterial strains and growth conditions:
The antimicrobial activity of the rosemary methanolic extracts was tested against two Grampositive strains, Listeria monoytogenes serovar 4b (CECT 935) and Staphylococcus aureus (CECT 240), and two Gram-negative strains, Salmonella typhimurium (CECT 443) and Escherichia coli serovar O157:H7 (CECT 4267). All the strains were obtained from the Spanish Collection of Type Cultures and the culture was kept frozen at -80ºC in cryovials. Bacteria were grown in trypticase soy broth (Merck, Darmstadt, Germany) supplemented with 0.6% of yeast extract (Merck, Darmstadt, Germany) and incubated at 37ºC.
A filter paper disk (Whatman nº 1, 6 mm diameter) containing 20 µL of each methanolic extract was placed on the agar surface (previously seeded by spreading 0.1 mL of overnight culture). Disks of streptomycin (0.025 g/L) and methanol were used as negative and positive controls, respectively. The plates were incubated overnight at 37ºC and the diameter of the inhibition zone and diameter of the disk were calculated. Results are expressed as the percentage of inhibition growth compared with the streptomycin (0.025 g/L) assay (100% of inhibition). All the data collected are the averages of 3 determinations.
Statistical analysis:
All data are reported as mean ± standard deviation of at least 3 experiments. Data were analyzed by an analysis of variance (p < 0.05) and the means were separated by Duncan's multiple-range test (ANOVA procedure). Results were processed by computer programs Excel Statistix for Windows 2.0 program (Analytical Software, Tallahassee FL).
